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INTRQDUGT3 
The earth which is the only planet known at present in 
the universe capable of supporting life. But now the existence 
of life is increasingly threatened in this gifted planet too, 
due to the increasing level of pollutiono The fast increasing 
population compelled to produce sufficient amount of food, 
clothing, shelter and other basic requirements the man needs. 
This has resulted in rapid industrialization, urbanisation 
excessive use of fertilizers, pesticides on major crops and 
production of nuclear energy etCo Consequently, every parameter 
of environment; air, water and land is becoming continuously 
polluted round the clock. As such not a single country is free 
from the menace of pollution. And, undoubtedly pollution has 
now come to be considered as a threat to the entire planet. 
Steve Van Matre, Professor George William College Chicago esti-
mates that in the present world only 20% of the air is breathabir-, 
only 10% of the land is capable of being exploited for pi^ oducin^ ;; 
food and just ^% of the earth's water is potable. It is estimated 
that hundreds of million tonnes of harmful gases and dusts are 
emitted in the atmosphere every year (Astanin & Blangosklonov, 
1983)o Recently a report in 'Times of India' (9.3.87) says that 
hundreds of birds have been falling out of the stay to die in 
convulsion in Smog-chocked Mexico city, where pollution brings 
residents sore eyes, stuffed nose and eching chesto 
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In India not a single city is free from the threats of 
one kind or the other pollutants. Even the best planned city 
Chandigarh is not free from the pollution hazards. Here, the 
annual geometric dust level is considerably higher than the 
American standard of 80 ug/vcr o The Government hospitals in 
Chandigarh documented a high incidence of throat and respiratoi'}' 
diseases among the inhabitants because of higher level of dust. 
Calcutta which is the most and the worst polluted city 
in the countryo It is very clear from the numerous data publishf^ 'd 
in the past that it is most polluted city in India. IMational 
Environmental Engineering Research Institute (NEERI) in its 
study since 1978, had demonstrated that in the intensity of 
comparison of SPM (suspended particulate matter) and SO2 
(sulphurdioxide), Calcutta is the most and Cochin as the least 
polluted city. When SOp is 81 microgramme per cubic meter 
followed by Delhi,, Bombay and Ahmedabad. Prof. Sharma (1981) 
in his presidential Address at the Indian Science Congress on 
the impact of development of gas disclosed that the pollutant 
load entering in the air of Calcutta and Howrah cities of India 
is as much as 1299 tonnes per day, of which 102 tonnes is 
hydrocarbon, 70 tonnes of NOp* and 1440 tonnes of dusts. Another 
NEERI report says that 50 percent residents of Calcutta suffer 
from respiratory diseases due to air pollution. Bombay also 
ranks in the high level of SO2 pollution. The report of NEERI 
shows that New Bombay pollution level in SOp in the early 70's 
was Bejfrbay#^ /;j^ /^  
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Delhi, the c a p i t a l of India a l so facing d i f f e r en t types 
of p o l l u t i o n . The two main a i r p o l l u t e r s in Delhi are the 
Badarpur and Indra Prastha (IP) thermal power s t a t i o n s . Together' 
they emit 180 tonnes of f ly ash and 70 tonnes of SO2 every dayo 
Rai (1984) reported tha t some 1400 tonnes of hydrocarbon, carbon 
monoxide, oxides of n i t rogen and sulphur dioxide are emitted in 
the a i r in Delhi every day by the power p l a n t s , automobiles, 
i n d u s t r i e s , and c h u l l a s . Some 60,000 tonnes of carbon monoxide 
24,000 tonnes of hydrocarbon and 2,000 tonnes of NQx are released 
annually in Delhi by p e t r o l using veh ic les a lone . According to 
Prof.J.N.Dave, Dean, School of Environmental Science a t the 
Jawaharlal Nehru Univers i ty , automobile emission in Bombay and 
Delhi accounts for 70?^  of carbon monoxide, 50% of hydrocarbons 
and 30-40% p a r t i c u l a t e s in the atmosphere. 
In 1981, extensive po l l u t i on of the environment was 
reported in some ten v i l l a g e s about 7 km away from Surat . The 
p o l l u t e r was a r e f r i g e r a t i o n gas manufacturing factory a t Bhestan 
located in the Udna I n d u s t r i a l b e l t , discharging large quan t i t i e s 
of f luor ide in the a i r which u l t ima te ly s e t t l e s down on the 
ea r th and surface of water and f i n a l l y mixes in the Mighera r i ve r . 
Thus contaminating potable water, as a r e s u l t of which chi ldren 
have dental tension and ear bone decay. Adults are affected with 
shooting pain in t h e i r j o i n t s . Recently on December 3,1984 the 
leakage of methyl isocyanate (MIC) gas from Union Carbide 
Pes t i c ide Factory in Bhopal caused the death of over 2,500 people. 
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The tragedy t h a t caused the d i s t r e s s , misery and p r iva t ion to 
more than 2 lakh people. The response of vege ta t ion to t h i s 
gas , except f o l i a r marking and sudden d e f o l i a t i o n , could not 
duly be observed. Besides ser ious damage to animals and p l a n t s , 
the gases have decreased the reproductive capaci ty a t l e a s t to 
ten percen t . 
Po l lu t ion not only e f f ec t the p lan t s or animals but i t 
damage the mate r ia l s and bu i ld ings . The controversy regarding 
the Mathura Oil Refinery and the beauty of the l&j i s s t i l l 
cont inuing. 
Thermal power p lan t s rank among the worst a i r po l l u t e r s 
in our country. The thermal power p lan t s in India ore e n t i r e l y 
coal f i r e d . The main e f f luen ts from these p l an t s are f ly ash, 
soot SOp* NOp and NO. I t has been ca lcula ted t h a t both the 
Badarpur and Indra-prastha thermal power s t a t i o n un i t s emit 180 
tonnes of f ly ash and 70 tonnes of SOp in to Delhi atmosphere. 
The present study i s being ca r r i ed out on vege ta t ion near the 
thermal power p l an t complex Kasimpur, about 16 km nor th -eas t oi 
the Aligarh c i t y . 
Compared to man mater ia l or animals, p l an t s have much 
g rea te r s e n s i t i v i t y to a i r p o l l u t a n t s , SOp* COp, NOx (Oxides 
of Nitrogen) 0^ and p a r t i c u l a t e matter are the main types of a i r 
po l l u t an t s causing negative e f fec t s on p l a n t s . Most of the 
work in th i s connection has been done in USA and advanced 
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European Countries like U.K., GDR, USSR, etc. In these countries 
studies obviously covered the native plants in their own 
environmental conditions. Very little work has been done on 
vegetation and their responses to pollution in developing 
countries like India, The present work has, therefore, been 
undertaken to study the effect of air pollutants emitting from 
the thermal plant complex at Kasimpur on the structure of some 
common weedso 
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ENVIRONMENT AND POLLUTION 
All living things for their existence require suitable 
environmental factors. The factors may be biotic or non-
biotic and they meet all our needs and protect us as a mother 
protects an infant. The word environment and pollution have no.v 
become so popular that peoples of all classes in urban areas talk 
and think about it and are becoming increasingly conscious of 
environmental pollution, and its hazards. Radio and specially 
TV has played a significant role in educating the masses about 
the severity of pollution. Truely speaking pollution is an 
additional stress imposed on ecosystem which tends to create 
imbalances affecting adversely the vegetation which have eliminated 
more sensitive ones (species). In 1966, the committee on 
pollution, of National Academy of Sciences USA, defined pollution 
as undesirable change in the physical, chemical or biological 
characteristics of our air, water or land, that may or will 
harmfully affect human life or that of desirable species, our 
industrial processes, living conditions and cultured assests or 
that may or will waste our raw resources (Anonymous, 1966). 
According to Odum (1971) the word 'pollution' means the undesirable 
chanj^ es in the physical, chemical and biological characteristics 
of air, water and land that may show direct or indirect effect 
on ecosystem. Pollution may also mean 'direct or indirect 
changes (usually, created by man) in one or more components of 
the ecosystem which are undesirable to man' (Ambasht, 1984). 
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In o t h e r words, any u n d e s i r a b l e change i n the phys io -chemica l 
and b io lo^ i i ca l p r o p e r t i e s of a i r , water and s o i l which may 
cause harm to man, o the r organisms or to c u l t u r a l and n a t u r a l 
e lements of man's environment i s p o l l u t i o n (Gopal and 
Bharadwaj, 1979 ) . 
Thus i t i s c l e a r t h a t p o l l u t i o n i t s e l f a change i n the 
env i ronment . In the words of J . D a r l i n g p o l l u t i o n comes from 
g e t t i n g r i d of wastes a t the l e a s t p o s s i b l e c o s t s " . The environ-
mental p o l l u t i o n i n c l u d e s s o i l , wa t e r , a i r , n o i s e , e t c . Among 
t h e s e , a i r p o l l u t i o n , i s wide-spread and i s the t o p i c o ^ p r i m e 
concern a t p r e s e n t . 
AIR POLLUTION 
Clean a i r i s e s s e n t i a l f o r a l l l i v i n g o rgan i sms . A 
man i n h a l e s 30 kg of a i r d a i l y to meet h i s need of oxygen. This 
amount i s too high when compared to food he e a t s and water he 
d r inkso The re fo re , the c o n c e n t r a t i o n of p o l l u t a n t s i n a i r 
should be much lower than what could be a l lowed i n food, water 
or any th ing e l s e . But the modern man was t i l l r e c e n t l l y t o t a l l y 
unaware of i t and the dangerous e f f e c t of a i r p o l l u t a n t s which 
i s n o t only t h r e a t e n i n g h i s h e a l t h b u t the v a r y e x i s t e n c e . 
Air p o l l u t i o n , can be de f ined a s the p resence of e x t r a -
neous m a t e r i a l s i n the a tmosphere i n such q u a n t i t i t e s , so a s to 
cause damage and i n j u r y to the l i v i n g organism, m a t e r i a l and 
o the r components. The World Hea l th O r g a n i s a t i o n (WHO) def ined 
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air pollution as limited situation in which the outdoor ambient 
atmosphere contains materials in concentration which are harmful 
to man and his environment. According to Chambers (1968) the 
circumstances which add to or substracts from the usual consti-
tuents of air, may alter its physical or chemical properties 
sufficiently to be detected by the occupants of the medium, 
causes air pollution. He classified pollutants into two general 
groups. 
(a) Those emitted directly from unidentified sources and 
(b) Those produced in the air by interaction among two or more 
primary pollutants. Both the natural and artifitial pollutants 
cause great threat to the stability of the natural balance of air, 
The natural balance of atmosphere is nitrogen (78.09%), oxygen 
(20.94%), inert gas (0o93%), CO (0.30%), and natural pollutant 
(Oo52%), Any disturbance of this balance is indicative of air 
pollution. 
Bo History of Air Pollution 
There is no month, or year or perhaps even decade in the 
past, when it can be said "that when it started" nor is it 
necessary to fix the time. Pollution is not merely a contribu-
tion oi human activities. Even before the advent of industries 
there were forms of natural air pollution, from the sea, forest, 
field and volcano have been with us from a long time. Hov/ever, 
natural pollutants appear to be present in the air far lesser 
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in amount than the pollutants of human origin. 
Probably when man invented and used open coal fires for 
cooking and warmth, the first source of air pollution of man's 
activity took birth and thereafter continuing with the invention 
of industries and automobiles, the magnitude has become signi-
ficantly and threateningly large. From the historical point 
of view, it is evident now that the threat of air pollution is 
not an outcome of modern inventions. In England, Germany and 
elsewhere, various limitations and prohibitions related to the 
use, import and transport of coal were imposed and defaulters 
were proclaimed offenders and capital penalties were imposed by 
the King Edward I, II, III Richard III, Henry Vth and Charlers II 
etCo 
The problems of environment can not be made rhetorical. 
They are real and immediate. The environmental deterioration 
may have begun since the begning of time but the proportion and 
its effect have never been so drastic and dangerous as they are 
today. In a way with our carelessness and callousness we are 
upsetting the total balance of nature which has kept human being 
alive for more than a million years. Now it has become mandatory 
and a supreme task ahead to preserve life and other life forms 
in the total ecological system. Slowly the delicate balance 
between the survival and extinction is being tilted in favour of 
the latter. 
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We must now recognise that this earth has many thing of 
beauty and joys. With the expansion of man's ambitions in outer 
space came a new awareness of inner space. Photograph of the 
space "spaceship Earth" soon confirmed" what previously could 
only be grapsed intelluctually: that earth is indeed small, 
lovely, unitary, finite and vulnerable". The need of the hour 
is to seize the opportunity and create a beautiful world around 
for us and for generations to come in future (Amani, 1982a), 
bo Source of air pollutants 
Air contaminates are produced in many ways and come from 
different sources. It is difficult to identify all the kind of 
polluters. The industries and automobiles are the two main primary 
sources of air pollution. In United States it has been estimated 
that 60% of the air pollutants come from motor vehicles, and 14% 
from plants generating electricity, industries produce about 17% 
and space heating and incineration the remaining 9%, Other 
sources such as animal excreta, pesticides, herbicides and 
pollens spores, rusts and smuts, they are referred to as aero-
allergens because many of them induce allergic responses in 
sensitive portions, 
India ranks amongst the major pollution infested countrieco 
Varshney and Garg (1978) have identified some major sources of 
pollution and their magnitude in an industrialised country like 
India (Fig.I and 2), These figures show only relative importance 
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of pollutants and source because the absolute amount increases 
by the year. Although the country wide and global aspects of 
pollution are serious enough, it is the local concentration tFiat 
build up over big cities during temparature inversions, i.eo 
air is trapped under a warm upper layer that prevents the 
vertical rise of pollutants. In (Table-I) various categories 
of air pollutants and their emission sources are presented 
(Rossana, 1956). 
4o AIR POLLUTION AND PLANTS 
Air pollutants and its effects on plants is not a new 
chapter. Enormous works has been done in this direction. More-
over the study in this kind is not confined to any particular 
parts of plants. Instead it covers the whole plant and crop. 
Air pollutants effect the plant negatively as well as positively. 
The latter is too low compared to the former. It has been 
recognised that COp generally decreases the life span of many 
fruits, such as cucumber, apple etc, V/estman (1974) found an 
enhancement in the growth of spurce seedling near a sulphate 
source. Amani et al. (1978) observed that Cassia occidentalis 
and G_. tora grov;ing near a thermal 'power plant show a remarkable 
increasement in the vegetative and reproductive growth. Iqbal 
(1984) found that a marked increasement in shoot dry weight in 
Holcus lanatus, Agrostis tenuis, Festuca rubra and Bromus mollir,. 
He concluded that it may be due to high concentration of sulphur, 
nitrogen and certain other cations present in the polluted 
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atmosphere, Kalimullah e t a l (1987) noticed the increasenient of 
the area of length and weight of secondary phloem rays in 
Ha nf^  i f era indica growing near a thermal p l a n t . Z. Ahmad & 
Kalimullah (1987) reported a marked increment of t o t a l bark 
th ickness , rhytidome amount of non-conducting phloem and ax ia l 
parenchyma in ^angifera indica grov/ing near a Thermal Power 
Plant Complex, The parameter shov/s s imi la r response in l^marandus 
indica too growing a t the same l o c a l i t y (Z. Ahmad and Kalimulla, 
1987). 
As far as the negative or adverse e f fec t i s concerned, 
most of the work has been conducted in t h i s d i r e c t i o n . The 
response to a i r po l l u t an t s was found to vary from p lan t s to 
p l a n t s . I t depends on number of f ac to r s ; concentrat ion and time 
of treatment of p o l l u t a n t s , environmental genet ic and growth 
fac to rs to which the p l an t s are exposed. For example among 
t r e e s , conifers are more s ens i t i ve to a i r p o l l u t a n t s . According 
to West Germany expe r t s , the re tarded growth of pine t r ees in 
Ruhr i n d u s t r i a l area r e su l t ed in 30% reduct ion in height and 5% 
reduct ion in diameter (Astanin and Blagosklonov, 1983). 
(a) Concept of injuries and damages 
The e f f ec t of a i r po l l u t i on on p lan t s i s not a new 
chapter in Environmental Science. A l o t of work has been conducted 
to find out i t s e f fec t s on p l a n t s . The study i s not l imited to a 
p a r t i c u l a r p a r t or p a r t s of a p l a n t s . The a i r po l l u t an t s released 
from various sources a f f e c t the p l an t s in two pr inc ip le ways. 
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Firstly, by disturbing overall physiology of the plants and 
thereby affecting growth, productivity and quality of vegetation 
without producing any visible damage. Secondly, by causing 
visible damage generally in case of incidence of high air 
pollution. 
Gudarian et al (1960) made a differentiation into injury 
and damage. According to them "injury" is an identifiable and 
measurable response of plant to air pollution but "damage" is 
an identifiable and measurable adverse effect upon the desired 
or intended use or the derived product of plants. Injury due to 
air pollution can be invisible or visible, 
(i) Invisible injury : 
An injury caused to a plant may result in some adverse 
effect such as reduced leaf area, stunted plant growth etc. on 
vegetation without causing dealii of plant or plant parts as 
visible symptoms and is known as hidden or invisible injury. The 
degree of damage in case of invisible injury can not be accurately 
measured as it is largely due to functional disorder, and it 
is appropriate to call it as a physiological injury also 
(Katz, 19^9; Zimmerman, 1950; Todd, 1956; Gudarian et al 1960; 
Hill et al, 1958; Bleasdale 1973 and Guderian, 1977). 
Invisible or hidden injury is usually defined as the one 
where no obvious signs of damage on the plant are seen, except 
an overall reduction in growth. This reduction is frequently 
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apparent only when the polluted plant is compared with another 
that has not been exposed to pollution. Several scientists have 
provided illustrations of growth reduction unaccompanied by-
visible markings (Bell and Glongh, 1973; Ashendun & Mansfield 
1978), Spierings (1971) observed that tomato, plants fumigated 
with 500 ppb (parts per billion) NOp showed an average reduction 
in height of 10% after 45 days, A fumigation with 2^0 ppb NO2 
for the entire growing period of 4 months resulted in a decrease 
in the yields of fruit (Fresh weight) of 22%. Hill and his 
co-workers (1958), have presented a strong case against damage 
by fluoride without visible injury atleast for tomatOo Todd 
(1956) observed retarded growth, premature senescence and loss 
in productivity without any visible leaf symptoms on bean plants. 
Carlson (1983) found that when SOp concentration exceeded 0.8 ppm 
the mesophyll conductance to carbodioxide decreased. 
(ii) Visible in.lury : 
If the injury is severe enough to result in either chlorosis 
or cell death, the injury can be defined as 'visible'. Brandt 
and Heck (1958) categorised the visible injuries into three types 
viz. (1) leaf tissue collapse with necrotie pattern, (2) Chlorosis 
or other colour changes (3) Growth alterations. Treshow (1970) 
classified foliage markings symptomatic of air pollution into 
four types: 
(1) Necrosis and bleaching of intercostal areas. 
(2) Glazing or silvering of leaf surface, particularly the 
undersurface» 
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(3) Chlorosis or loss of chlorophyll, and 
(4) Flecking or stipping on upper surface. 
The SOp injury is classifed into chronic injury and 
acute injury (Thomas, 1951), based on the degree of injury 
(visible or invisible) sustained by leaves or plants in response 
to the nature, time of exposure, and concentration of the 
pollutants or its combinations. This categorization can be 
applied to other pollutants other than sulphur dioxide. 
(iii) Chronic injury : 
Chronic injury is slower and results from the gradual 
breakdov/n of chlorophyll and development of chlorosis without 
any cellular collapse. It involves reduced in metabolic activity, 
decreased photosynthesis and gradual grov/th suppression. 
Thomas (1951) fixed nearly 0.10-0.30 ppm concentration of S0„ 
as a chronic dose, Heck (1982) called chronic injury as chronic 
exposure, v/hich results from low concentration but longer pei'iod 
of exposure of gas. This is a slow process generally accompanied 
by partial destruction of chlorophyll and protoplasts; the cells 
remain partially functional unless the injury turns more chronic 
with time and destroys the leaf completely. 
(iv) Acute injury : 
I t occures a t high concentration of pollutants and injury 
may extent to adjacent c e l l s , k i l l ing a l l in a limited or extensive 
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area. Acute injury caused by SO is characterised by the rapid 
disappearence of chlorophyll, break down of cells, and develop-
ment of necrosis. Acute injury occurs when the cells are 
killedo The cells loose their capacity to retain water; the 
cell sap diffuses through the intercellular spaces, giving 
the area first a water soaked, dull, grey-green appearance. 
The flacid area dries out, leaving bleached, light tan to ivory, 
necrotic zones, extending through the leaf. Brand and Heck 
(1968) suggested the concentration above 0.25 ppm - Oo30 pm as 
acute dose. The acute injury is called as acute exposure by 
Heck (1982). 
(v) Transient injury ; 
When the concentration of pollutants is relatively low, 
the injury to cells or plant parts is temporary and the cells 
the injured cells may recover and resume normaley. This type 
of injury is known as transient injury. 
(vi) 'PAN Type' Oxidant injury; 
The injury which occurs due to the effect of (Peroxy 
Acetyl Nitrite) is known as 'PAN' type oxidant injury (Jaffe, 
1966), Symptoms of PAN injury depends on the concentration of 
the pollutants, duration of exposure, and the nature and the 
maturity of the leaf tissue exposed. High concentration in the 
range 50 to 100 pphm for thirty minutes may cause collapse of 
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tissue in diffuse areas all over the leaf. Lower concentration 
of 10 to 30 pphm for four to eight hours, still much higher 
than found in the field may cause bronzing or glazing with little 
or no collapse visible on upper leaf surface. Below 10 pphm 
visible symptoms consists mostly necrosis. Below 5.0 pphm PAN 
sometimes produces a general stipple symptom closely resembling 
ozone toxicity, Since the two chemicals often occur together, 
it is not always possible to positively determine as to which 
of the two is responsible for the injuryo This is especially 
true for symptoms that appear on plants such as Petunia or 
alfalfa, which are sensitive equally to both the pollutants. 
In such cases, the symptoms are best regarded simply as 'Oxidant 
injury•. 
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HAZARDS OF MAJOR AIR POLLUTANTS ON PLANTS 
The atmosphere g e t s p o l l u t e d to an ever i n c r e a s i n g degree 
vjith every pas s ing y e a r . The p o l l u t i o n of the a i r r e s u l t s from 
the mushroom growth of i n d u s t r i a l e s t a b l i s h m e n t s and a u t o m o b i l e s . 
Thermal power p l a n t a r e a l s o amongst the major p o l l u t e r wi th 
e m i t t d i f f e r e n t k inds of p o l l u t a n t s i n t o the a tmosphe re . Today 
a b o u t 70% of the t o t a l power used a l l o v e r the world i s de r ived 
from c o a l b u r n i n g . 
The p o l l u t a n t s p r e s e n t i n the atmosphere have been 
c l a s s i f i e d i n t o two broad g roups ,gaseous a i r p o l l u t a n t s and 
p a r t i c u l a t e a i r p o l l u t a n t s . The major gaseous and p a r t i c u l a t e 
a i r p o l l u t a n t s a r e produced by the thermal power p l a n t s a r e Oxides 
of su lphur and n i t r o g e n . According to one r e p o r t (Amani 1982a) 
t h a t an 875 MW power p l a n t burn ing 1% su lphur f u e l o i l would 
emi t abou t 55 ,000 .00 pounds of S02f 19000,000 pounds of NO^  and 
900,000 pounds of p a r t i c u l a t e s . 
The fol lov/ ing review e l u c i d a t e s the s o u r c e s , p r o p e r t i e s 
of major gaseous and p a r t i c u l a t e a i r p o l l u t a n t s and the mechanism 
and mode of a c t i o n and t h e i r e f f e c t s on p l a n t s . 
(a) Oxides of sulphur 
Oxides of sulphur which are the wide spread and most 
common air pollutants. Their wide spread occurrence and dangerous 
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effects on plants and other organisms forced scientists to carry-
out studies thoroughly. Among the oxide of sulphur, SO^ ranks 
first in effectiveness and it is the chief constituent of air 
pollutants around the thermal power plants which consumes lov; 
grade coal for pov/er generation. 
SOp is produced mainly by the burning of sulphur containing 
materials. SOp under the action of sunlight may change into SO:, 
or HpHO,, which are considered as secondary pollutantso 
S + O2 SO2 
2SO2 "• ^ 2 - - - - - - - 2 - - 2SO3 
SO3 + H2O —AtmosEheric ^^^3^^ 
moisture 
SO2 is also present in the atmosphere due to biological 
oxidation of sulphides. Hydrogen sulphide is the main contri-
butor to this categoryo 
The main source of SO2 is the burning of fuel, A power 
station burning 5,000 tonnes of coal/day discharges 500 tonnes 
of sulphur dioxide into the air (Johnstone, 1952). 60?^  of the 
SO2 is produced by coal burning in thermal power stations alone, 
20o7% is emitted from oil refineries, and the rest comes from 
various domestic combustion processes (Rohrman & Ludwig, 1965) <> 
Katz (1961) estimated that the total SO2 emission on the world 
wide basis is to be about 11-12 million tonnes per day from 
copper smelters and 3-5 million tonnes per day from the lead and 
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z i n c s m e l t e r s . The c o n c e n t r a t i o n of SOp ranges from s h o r t term 
speaks of a few ppb nea r p o i n t sou rces to average c o n c e n t r a t i o n 
of 70 ppb i n i n d u s t r i a l a r e a s , and a background of 10 ppb i n 
many r u r a l a r e a s of Grea t B r i t a i n (Fowler & Cape 1982)« Robinson 
& Robinson (1971) have e s t i m a t e d t h a t SOp from man's a c t i v i t y -
i n t r o d u c e s 6 ,6 m i l l i o n tonnes SOp a n n u a l l y . The annual concen-
t r a t i o n of SOp r e l e a s e d from Kasimpur power p l a n t has been 
e s t i m a t e d t o range from O0OIO-O0OI6 ppm/hr (Amani, 1982b) . The 
t a b l e ( I I ) shows the rough e s t i m a t e s of SOp c o n c e n t r a t i o n in 
a i r i n major I n d i a n c i t i e s . 
TABLE I I 
C i ty Avera^^e Concen t r a t ion 
SO2 /f /m^ 
Bombay 47o11 0 ,017 
N.Delhi 41o43 0 ,016 
C a l c u t t a 32o88 0.012 
Kanpur 15o97 O0OO6 
Ahmedabad 10066 0,004 
Madras 08 .87 O0OO3 
Nagpur 07 .06 0 ,003 
Hyderabad 05 .06 0 ,002 
J a i p u r 04 ,15 O0OO2 
(Source N e e r i , 1970) 
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(b) Effect of SOg on plants 
Various studies have brought to light the harmful effect 
of SO2 pollution on plants. The studies of the effect of SOp 
on plants progressed along two lines. Cellular level and 
general level. The cellular line means the studies on disrup-
tion of chloroplast (Wellbur; Majernick & Wellburn, 1972), and 
changes in the activities of enzyme (Pachilich, 1975). The 
second and the more common line is concerned with the response 
to an atmospheric pollutant on the entire plant or plants parts, 
or the whole of a crops e.g., changes in the rate of photo-
synthesis (Thomas & Hill, 1937; Siji & Swanson 1970) transpira-
tion (Majernik & Mansfield I971) or dry matter production 
(Thomas & Hill 1937). 
(i) Mechanism of injury 
Air pollutant enters mainly through stomata (Majernik & 
Mansfield, 1970; Bonte et al, 1977; Black & Black, 1979; Black 
& Unsworth, 1979a,b;) and then passes into the intercellular 
spaces of mesophyll tissue causing various kinds of foliar 
injuries such as chlorosis, necrosis,curling and stipping 
(Chaphekar & Karbhari, 1974; Reinert & Hendreson, 1980). 
The studies of various workers speculated the different 
mechanisms of SO2 injury. Hesethoff and Lindau (1903) believed 
that SOp reacts with aldehyde and sugar forming secondary 
products which slowly release sulphurous acid or sulphuric acid 
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causing injury to the cell. A draw-back to this hypothesis 
which tends to refute it, is that leaves are most sensitive to 
sulphur dioxide in the morning, when the sugar content is low, 
Noack (1929), suggested that\ SOp inactivated the iron in the 
chloroplasts, interfering with its catalytic properties. This 
interference was believed to promote secondary process which 
broke down the chlorophyll and killed the cells. Dorries (1932) 
proposed that absorbed acidity could deompose chlorophyll, 
liberating magnesium and forming pheophytin, which may cause 
chlorosis and reduce photosynthesis. Thomas et al (1943) stated 
that the toxicity of sulphurous acid is related primarily to 
its reducing properties rather than to its acidity because it is 
30 folds more toxic than sulphuric acid. Excess of sulphate 
may interfere with ion absorption, leading to disruption in 
nutrient balances Bleasdale (1952) noted that normally an 
equalibirum is maintained between sulfhydryl group and more 
oxidised sulphur compounds such as sulphates. Any imbalance in 
the equalibrium as might be caused by an excess of oxidized 
sulphur compounds would upset sulfur utilization and protein 
synthesiso SOp would reduce the sulphites to sulfhydryl, causing 
accumulation of sulfhydryland an imbalance in the ratio of 
sulfhydryls to oxidized sulphur compounds. The sulphydril 
compound thus becomes a product of disturbed sulphur metabolish 
and the tolerence of plants to sulphur dioxide may be a function 
of the stability of sulfhydrylo Although not yet proved, this 
concept appears to be the most plausible. 
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( i i ) General symptoms 
The e l l e c t of SOp may be both d i r e c t and i n d i r e c t . The 
SO2 causes d i r e c t injury mainly to the reproductive p a r t s ; the 
p o l l e n s , seeds, and the seedl ings (Katz, 1939). The e f fec t of 
SO2 on the pol len gra ins include poor growth, i n h i b i t i o n of 
germination e t c . Pine pol len were fumigated with 10 ppm SO2 
for six days without any e f f ec t on germination. The germination 
was prevented only when the concentra t ion were ra i sed to 200 ppm. 
The threshold was not determined but apparent ly the l eve l s 
necessary to impair pol len development was higher than the leve ls 
ever recorded in the f i e l d . Pol len germination was adversely 
affected by SOp po l lu t i on in Cicer arientenum and Petunia alba 
(Varshney and Varshney 1981). Germination of red pine was 
decreased by exposure of seeds to 100 ppm of sulphur dioxide 
(Riding and Boyer, 1983). The germination of Pinus muga and 
Pinus s y l v e s t r i s was inh ib i t ed cons tan t ly by atmosphere with 
0.225 ppm SO20 Pinus nigra and P. s y l v e s t r i s were found more 
s e n s i t i v e than P. mugo (Keller and Beedit 1984). Ma £ t al^ (1973) 
showed t h a t the chromosomes of vege ta t ive and reproductive 
nuc le i break down due to SO2 in Tradescantia paludosa. Ma and 
Khan (1976) reported a f a l l i n the pol len mi to t i c index (number 
of metaphase/100 nucle i ) by SO2 from 38.7?^ to 24.3% for exposure 
a t 0.076 ppm and to 3.8% for exposure a t 50 ppm. Shanthamurthy 
and Rangaswamy (1980) observed cy to tog ica l anomalies in Colocasia 
esculentum grov/ing in pol lu ted environment. The observation 
includes anomalies in prophase, metaphase and ano-tolophase stages 
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and precocious movement of chromosomes, uneven accumulation of 
chromatin materials, unequal segregation and subsequent loss 
and gain of chromosomes, binucleate cells and several types of 
spindle abnormalities. Masaru £t al_ (1976) reported that SO2 
concentration at O08I ppm concentration inhibited pollen germi-
nation and tube growth in Gymnosperms. 
SOp is also reported to cause injury and reduction in the 
economically useful parts of plants. It was noted in Dalbergla 
that the number and average size of fruits were significantly 
reduced which faced severe air pollution (Ghouse and Amani,197S). 
Thomas (1951) indicated a significant loss in yield in plants 
affected by sulphuridioxide. The rye grass showed a decrease in 
yield when the plants were grown in chambers containing sulphur-
dioxide at concentration insufficient to cause visible injury 
(Bell and Clough 1973; and Bleasdale, 1973). In 1975, a consi-
derable decrease in yield of rice has been observed due to 
sulphur dioxide by Teniyama and Sawanaka in Yokkaichicity. 
10-20% yield losses have been reported in the agricultural lands 
near Ohio by Dage and Arobogast (1982). Rao (1972) noted the 
reduction in fruit size of Mangifera indica near Brick kiln and 
power plant complex. The SOp fumigated soyabean plants at 
concentration of Oo09 to 0o79 ppm showed reduced yield and seed 
quality (Sprugel et aj^ 1980) o 
The role of SOp on germination of seed, Khan (1982) 
observed 10% reduction of seed germination of Dalbergia sissoo 
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growing near a thermal power station. Seasonal variability was 
found to effect the germination and growth. Germination of 
red pine was found to decrease by exposure of seeds to 1.0 ppm 
of SO2 (Riding & Boyer 1983). 
Koziol & Cowling (1981) reported a loss of epicuticular 
wax in Lolium prenne due to the effect of SOp pollution. Godzik 
and Sassen (1978), Black & Black (1979) also reported the direct 
effect of pollutant on the leaf cuticle. 
The indirect effect of SOp has been studied by various 
workers. The study has been divided to cover various parts of 
plants. As far as effect of SOp on the growth of shoot and root 
is concered it was less at low temparature at which the growth 
rates were the lowest. Soyabean plants treated with SOp showed 
a marked reduction of shoot dry weight at 7 week exposure and 
total reduction in, growth at 11 weeks (Reinert and Weber 1980). 
The growth responses of seedling of Allanthus allissima 
to SOp Sit various concentrations, has been studied by Marshell 
and Farmer (1981)o Exposure for one or two weeks at 0.1 ppm or 
0o2 ppm SOp, significantly reduced the extension growth and 
biomass accumulation of two or three week old seedlings. Root 
growth was inhibited more than shoot growth and reduction of 
growth was severe at high concentration of SOp. Jones and 
Mansfield (1982) studied the effect of SO2 on growth and 
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development of seedlings of Phleum pratense under different 
light and temperature conditions and found that the effect of 
SO2 on shoot and root ratio depends on environmental conditions 
particularly temparature and light. Nicotiana tobaccum and 
Cucumus sativus showed a significant reduction in the fresh 
weight of green-leaves, shoot, root and also dry weight. Pandae 
and Manifield (1985) noted the reduction in the root dry weight 
in Hordeurn vulgare significantly, but total shoot weight was 
relatively less affected due to SOp pollution. Ashenden and 
Williams (1980) noted a significant reduction in the numbers of 
leaves and tillers in Phleum pratense and Lolium multiflorum 
treated with 6-8 ppm SOp* Reduction inweight in all the dry 
fractions measured for P. pratense but the loss in dry weight 
fractions were found in green leaves only for L. multiflorum. 
A marked reduction in shoot dry weight was found in the two 
plants fumigated with same concentration of SOp for 28 days but 
kept at a temperature difference of 2°C (Ashenden and Mansfield, 
1977). A reduction was noted in the shoot dry weight in Loliun 
perenne subjected to the same concentration of SOp but different 
wind speed. The effect was more obvious in rye grass when the 
wind speed was high, whereas it is quite reduced under dense 
condition and low wind speed (Horsman e_t al_ 1979a). It was 
stated that the increase in the concentration of SOp causes 
reduction to a greater degree than the increase in the duration 
of exposure (Temple et al, 1985). 
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As to the effect of SOp on stomatal behaviour the 
responses vary according to species, the concentration and the 
length of exposure. The prevailing environmental conditions 
also play a major role in controlling the effects. Mansfield and 
Majernik (1970) demonstrated the enhanced stoma tal opening in 
Vicia faba plants exposed to concentration of SOp greater than 
0.25 ppm. Black & Black (I979a,b) used light microscopy to 
examine the epidermal strips taken from the plants exposed either 
to scrubped or polluted air. Low concentration of SOp enhanced 
opening response associated with extensive destruction of adjacent 
epidermal cell where as guard cell survival was not reduced 
significantly. There are so many other species exhibiting, 
similar response includes Zea mays (Unsworth, Biswe and Pinckney, 
1972). Pine (Forroar, Re1ton and Rutter, 1977); Phaseolus 
vulgaris (Ashenden 1978; Singh and Yunus 1985). In contrast, 
decreased stomatal opening or reduced transpiration rates in 
response to SOp have been reported in many species. These 
includes Pinto beans (Siji and Swanson, 1974), Pine (Catput e_t a]^, 
1975), apple (Stertz, Render and Musselman, 1980) and brich 
(Bigg and Davis, 1980). The maximum inhibition of transpiration 
rates observed ranged from 35-759^ and that had occured within ten 
minutes to four hours, following exposure, depending on the 
species examined. In majority of these investigations, stomatal 
response to high concentration of SOp were examined. SO2 exposures 
generally reduce photosynthesis, although a small number of 
workers reported temporary enhanced rate of photosynthesis occuring 
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within 30 minutes to a few hours after the start of the exposures, 
The low concentrations are not usually accompanied by major 
visible injury and the damage may be readily reversible (Bull 
and Mansfield, 1974; Black and Unsworth, 1979b). At higher 
concentration the responses are less reversible and appear to 
be associated with brakdown of biochemical systems, tissues and 
resulting in visible injuries. Thomas (1956) reported that 
continuous fumigation by SOp at Oo06 ppm concentration for four 
hours per day reduced the photosynthetic activity by 25% in alfa 
alfa. Six such fumigations during two week period reduced the 
total assimilation by 1.0?^  and the crop yield by 14%. It was 
also noted that it caused 2.5 percent, leaf destruction. Recently 
Carlson (1983) reported a significant reduction in photosynthesis 
stomatal conductance and residual conductance in Glycine max due 
to the SO2 pollution. Singh and Yunus (1985) reported that SOp 
fumigation on alternate days in different stages of plants showed 
that photosynthetic pigment were degraded, and pH of leaf extract 
and protein content decreased. However, Sardi (1981) reported a 
increase in protein content in leaves and seeds of Glycine max 
and Pisum sativusm under low level of SO2 pollution. The con-
centration at sub-necrotic levels of SO2 (O*"! PPm, 300 ug m"-^ ) 
showed the enzymatic and metabolic changes in the bean leaves. 
(Pierre and Queiroz, 1981). The process is not restricted to 
a specific metabolic function but affects the key enzymes of the 
main central metabolic pathways and also peroxidase» Changes 
in the pools of organic acid, amino acids and polyamines are 
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concomitant, and consistent, with the enzyme changes. 
Physiological disturbance particularly chlorosis was 
noted in many plants. Alfalfa (Medicago sativa) shows chlorosit. 
when the sulphur dioxide level become 2% (Thomas and Hill, 1933). 
Erisley and Jones (1950) calculated the relation between the loss 
of yield and loss of green area through necrosis and chlorosis 
in wheat and found the loss of the order of 0o26 to 0.52 percent 
due to foliage damage» Chaphekar and Kharabhari reported different 
type of leaf injury in species of Polygonum and Grossanda by the 
accumulation of sulphur in young leaves. Douglas fir needles may 
be shed within few days or weeks of an injurious exposure to 3O2 
(Katz e_t al_ 1930). 
The disintegration of chlorophyll in plants exposed to 
SOp* has been studied by Wellbum, Majernik and Wellbum (1972). 
Thomas (1951) noted that SOp affected the chloroplast and ruptured 
the wall allowing the grana to fill the cell, which tended to 
decrease the rate of photosimthesis by 50%. Studies of SOp 
injuried bean cells and tissues conducted by Solberg and Adams 
(1956) showed that spongy mesophyll cell closest to be lower 
epidermis were the first to be damaged; chloroplast disintergrated, 
cells plasmolysed and the protoplast collapsed. Agarwal et al 
(1982b) observed a reduction in chlorophyll and carotinoid 
contents in Oryza sa tiva leaves exposed to SOp. Seedlings of 
Calendula officinalis fumigated with one and two ^ m litre 
SOp for 2 hours duration on alternate days showed degradation 
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of photo synthet ic pigments (Singh ejt a l 1985). Le Blance & 
Rao (1975) reported t h a t the high concentrat ion of SOp cause 
breaking down of chlorophyll to phaeophytins and t h i s leads to 
e a r l i e r senescenceso 
Sulphur dioxide often a f f ec t s the anatomical characters 
of p l a n t s . As fa r the e f fec t of SOp on leaf anatomy i s concer-ned 
v a r i a t i o n of epidermal and stomatal s t r uc tu r e s have been reported 
in Trifolium spp. (Sharma and Butler 1973,1975), Psidium guajava 
(Ghouse and PChan, 1978), Gorton bonopladianus (Zaidi e_t al^ 1979), 
Callestemon c i t r i n u s (Ghouse £ t al^ 1980), Calotropis procera 
(Yunus and Ahmad, 1981), Calotropis gigantea (Murthy and Kumar 
1983). Recently Ghouse e t a l . (1984) studied the e f fec t of a i r 
po l lu t i on on the f o l i a r organs of Solanum su ra t t ense , and found 
t h a t the densi ty of spines and stoma t a l index of leaves are 
ge t t i ng affected to an ex ten t of 52.5% and 21,0% respec t ive ly 
due to a i r po l lu t ion caused by coal f i r i ng in the thermal power 
p l a n t . In a s imi la r s'tudy, annual increment of wood was found 
severely re tarded in ce r t a in t r op i ca l t r ees such as Dalbergia 
s issoo (Khan, 1982) and Tectona grandis growing in the v icn i ty 
of a thermal power p lan t (Ghouse e_t al_ 1984a,b). Gi lber t (I9b3) 
r epo r t s reduct ion in the length of annual r ings in Finus nigra 
due to SOp p o l l u t i o n . Kalimullah ejb al_ (1987) s tudied the e f fec t 
of a i r po l lu t ion on the r a d i a l system of bark in Hang i f era iadica , 
which shows a s i g n i f i c a n t reduct ion in ray frequency. 
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As to the e f fec t of SO^ on t racheary elements, i t has 
been studied in var ious p lan t s l i k e Melllotus indica (Khan e_t aJ_. 
1984b) Chenopodiuin album (Ghouse e_t a l 1984) PolvKonum glabrum 
(Khan e_t al_., 1984). Recently i t was noted a marked reduction 
in overa l l c e l l s ize and prepor t ion of d i f f e r e n t t i s sue system 
in Calotropis gifiantia (Iqbal e_t al_, 1986), and Sida spinosa 
(Mahmooduzzafar e_t al_ 1986)» The stem anatomy of Datura inoxia 
2:. (Iqbal e_t a j 1987) and Cleome viscosa (Ahmad e t al_ 1987) exhib i t s 
a g r ea t loss under pol lu ted atmosphere. In Datura Inoxia, the 
circumference of stem, length and width of vesse l elements, f ibre 
length and the proport ion of pore and p i t h reduced considerably. 
On the other hand, the proport ion of cortex and the pore 
frequency increased in pol lu ted sample, while in Cleome viscosa 
the circumference of stem and the proport ion of xylem and p i th 
increased considerably and the other parameters showed a decreas-
ing tendency as in Datura inox ia . In a s imi lar way the anatomical 
response of Achryranthus aspera was studied by Mahmooduzzafar 
e t a l (1987) where a l l the parameter except vesse l length showed 
pos i t i ve r e s u l t s in response to a i r p o l l u t i o n . 
(c) Oxides of Nitrogen 
Oxides of ni t rogen formed mainly as a r e s u l t of burnin(;, 
of f o s s i l f u e l s , automobile exhuasts , l igh ten ing of a i r , inc ine-
r a t i o n , a i r c r a f t exhausts , f o r e s t f i r e and b io log ica l a c t i v i t i e s 
of microorganisms ( d e - n i t r i f i c a t i o n ) o Of the several oxides 
presen t in the atmosphere, n i t r i c oxide (No) and n i t rous 
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oxides (NOp) are the most important . Over 75% of NOp in the 
atmosphere o r ig ina te s from automobiles (Treshov;, 1970), Fuel 
combustion in a wide v a r i e t y of equipments i s estimated to 
cont r ibu te about 99?^  of NO?c (oxides of ni t rogen) emission. About 
93% of NO^  i s emitted as NO and the remaining 5% as N0„ (Kumar, 
1977). Ni t r i c oxide and ni t rogen dioxide , produced na tu ra l ly 
(by bac te r ia ) and a r t i f i t i a l l y (through man-made a c t i v i t i e s ) 
7 7 
cons t i t u t e about 50x10 and 5x10 tonnes per year r e spec t ive ly , 
(Robinson & Robinson, 1970). Over 70% of the NO2 in the atmos-
phere orginates from automobiles, but s i g n i f i c a n t cont r ibut ion 
a l so added by combustion of fuel used in heat and power genera-
t ion and in domestic opera t ions . Range-top burners , ovens, 
furnaces e t c , contr ibuted approximately 3 to 9 l b of NOp every 
year . The emission of ni t rogen oxides in 1980 in some important 
count r ies v/ere given in the table belov/. 
Country Amount of NOx 
(10 tonnes) 
U.S.A. A8o2 
V/est Germany 32.5 
Japan 33.8 
India 15o7 
Among the Indian c i t i e s Delhi ranks f i r s t in the Nox 
product ion. Ambient a i r measurements by Schuck e_t a_l_ (1966) 
have shown t h a t the average monthly concentrat ion of NOx in 
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Los Angles was found to be 20 to 30 pphm dur ing the win te r and 
a b o u t 10 pphm i n the summer. C o n c e n t r a t i o n i n the smogy days 
was much h igher ; some time exceeding the ' A l e r t ' l e v e l of 3<,0 
ppmo 
In the p resence of r a d i a n t energy NOp q u i c k l y s p l i t s back 
i n t o NO and atomic oxygen which combines with the molecular oxygo 
of the atmosphere to form ozone (Cox e_t al_, 1975)o 
NO2 ^Y—--NO + 0.. O2 ^ 0^ 
where, 
hv = light energy 
m = any inert molecule 
The net reaction is 
NOo + O5 ^ NO + 0, 
As the r e v e r s e r e a c t i o n t h e o r e t i c a l l y p roceeds f a s t e r th. 'n 
the i n i t i a l r e a c t i o n , the ozone should be removed from the 
atmosphere to p r e v e n t i t o This i s taken ca re of by the hydro-
carbon p r e s e n t i n the urban atmosphere which r e a c t wi th IMOp and 
remove NO, s topp ing the back r e a c t i o n , r e s u l t i n g i n accumula t ion 
of ozone i n the a tmosphere . M)x r e a c t s pho tochemica l ly with 
unburn t hyrlrocarbons, So as to form o t h e r u n d e s i r a b l e secondary-
compounds l i k e peroxy a c e t y l n i t r a t e (PAN) a s shown below 
(Stephen e_t a^ 1956; Cox and P e n k e t t 1971) . 
NO or NOo + S0„ or SO-, + hydrocarbons — ~ — PAN + 0^ 2 2 3 hv 3 
uv u l t r a v i o l e t r a y s 
hv l i g h t energy 
u 
The conversion of MO to NOp can however, be assisted by-
other reactions for example it is accelerated in the presence of 
0:z. The balance between NO and NO therefore, is variable and 
often unknown, that is why it is more convenient to use these 
form of pollutants as NQXo 
(d) Effects of NOx on plants 
Besides, SOp, which is responsible for over 95% of the 
total plant damage attributed to air pollutants, oxides of 
nitrogen are also harmful to plants in various ways. NQx also 
enters into the plant through stomata (Bull and f-lansfield, 1974). 
Law and Mansfield (1902) categorised the symptoms due to 
NOx into (1) visible injury and (2) invisible injury. Several 
recent investigators have provided illustrations of growth 
reduction unaccompanied by visible injury markings (Bell and 
Clough, 1973). Visible injury are caused by nitric acid fumes 
described by I&selhoff e_t aa (1932). 
Nitrogen dioxide injury in the field has been reported by 
Janone (1954). It causes necrotic stem lesions, defoliation and 
death of peach and black cocust trees» Symptoms appearing on 
peach and cherry were small necrotic lesions in between the 
veinso Benedict and Breen (1955) found that nitrogen oxides 
caused two types of injury. The primary symptoms were the 
collapse, white tan, irregular shaped small necrotic lesions 
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appearing between the large secondary veins near the leaf margin. 
The second expression consisted of a waxy shiny green coating on 
the leaves of certain species. The glossy sheeb developed on tiio 
both upper and lower leaf surfaces in pigweeds, on the upper 
surface in mustard, and on the lower surface in Kentucky blue 
grass. Berge (1963), observed the plasmolysis of palisade tiscuc 
and disappearance of starch granules in alfalfa plant. 
Taylor and Eaton (1966) attempted to learn the responses 
of plants to concentrations more likely to be encountered in 
ambient atmosphereo At concentration of about 2 ppm for eight 
hours, tissue collapse and bleaching, especially of the leaf 
tips and margin areas developed on tobacco plantso 
Tingey (196?) while studying the foliar absorption of NO., 
by plants found that separate three hour fumigation with concen-
trations of 6oO and 4,0 ppm NOp were sufficient to cause bleached 
interveinal lesions in oats and alfalfa. In the dark, 8.0 ppm 
were required to injure oats, but only 2o0 ppm injured alfalfa. 
Studies of stomatal responses revealed that stomata in oats were 
closed quickly in the dark, while in alfalfa, the stomata remained 
open in the presence of NO^o Even in the day light, the stomatal 
aperture was 50 percent larger in the presence of NOp than in 
filtered air. Measurements of NOp uptake also showed a continued 
absorption by alfalfa in the dark. This could explain the 
greater response of alfalfa plants to NOx even at a lower concen-
trations both during the dark and the day light. It was also found 
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t h a t NOp may have a cumulative e f f e c t . Six hour fumigations for 
each of three successive days a t I6o0 pphm fa i l ed to cause in jury , 
but on the fourth day a l f a l f a leaves showed c h a r a c t e r i s t i c s 
necro t ic markings, the basal leaves were f l ac id and the older 
leaves often dehydrated, and became b r i t t l e and brown and p i t t i n g s 
were sometimes developed on one or two of the basal leaves; the 
c e l l s of the lower epidermis were dead, and many of the spongy 
mesophyll c e l l s had col lapsed . However, no c o r r e l a t i o n was found 
between the damaged c e l l s and the stomata; r a t he r the damage v;as 
of a general nature equally a f fec t ing the e n t i r e spongy mesophyll 
a r e a . But no damage to pal isade mesophyll c e l l was observedo 
MacLean e_t a l (1967) observed t h a t a t exceeding high WOo 
concentrat ion of 10 to 250 ppm for a durat ion of 10 minutes to 
8 hours, caused rapid t i s sue co l l apse , necrosis and de fo l i a t ion u[) 
to 100%, The ea r ly 'water logging ' symptoms appeared f i r s t on 
the upper leaf surface indicated t h a t pal isade c e l l s were most 
r e a d i l y in ju red . I n t e r - c o s t a l a reas of t is.sue, l imited to the 
upper surface , a lso collapsed and become n e c r o t i c , V/itemore 
and Mansfield (1983) described t h a t severe po l lu t ion effpct \\-<vr 
been found in the ea r ly s tages of tl-ie p lan t development as well 
as with slow growth of winter in c e r t a i n g r a s s e s , Ashenden and 
Ifilliams (1980) showed t h a t NO2 had l i t t l e e f f ec t on the dry 
weight measured in Lolium multiflorum and Fhlem pra tense . In 
a study conducted by Spierings (1971) on tomato p lan t s fumigated 
with 500 ppb of NOp showed on average reduct ion in height of lO.-o 
a f t e r 45 days of fumigation with 250 ppb NOp for the en t i r e growifvj 
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period of 4 months resu l t ed in a decrease in y ie ld of f r u i t s 
( f resh weight) of 22%, Reduction in secondary grov^th in 
coblo l ly pine due to NOp po l lu t i on in the atmosphere was observed 
by P h i l l i p s e_t a2^  (1977). 
Hi l l and Bennett (1970) reported reduct ion in the COp 
a s s imi l a t i on in oats and a l f a l f a when the p l an t s were fumigated 
with 0.6 ppm of NOp. A r eve r s ib l e swelling of thylakoides in 
the chloropast without any extra ch lo rop las t i c damage, was 
observed. Wellburn e_t al_ (1972) reported t h a t in bean Phaseolus 
vu lga r i s under fumigation with 1,2 or 3 ppm of NO2 i"or one hour 
showed physical d i s rup t ion such as t h i s may be p a r t l y responsible 
for the reduced photosynthesif i- 'act ivi ty. Bennett and Hi l l 
(1975) found t h a t exposure to 6.5 ppm NO for one hour rap id ly 
reduced photosynthesis by 35% in a l f a l f a , the recovery being 
equally rapid when fumigation ceased, Srivasthava e t al_ (1975a,b) 
demonstrated an i n h i b i t i o n of photosynthesis and dark r e s p i r a -
t ion in bean, when t reated with 1-7 Ppm NOp, but t r ansp i r a t i on 
was l i t t l e a f fec ted . Capron and Mansfield (1976) found tha t 
500 ppb of NO or NOp reduced the net photocynthetic r a t e by 
about 30% in detached tomato l e a v e s . The e f f ec t , equal in extent 
for both the po l lu t an t s was addic t ive r a the r than s y n e r g i s t i c , 
Carlson (1983) observed t h a t when soyabean (Glycine max) fumigated 
for a 2 hour period with NOp a t concentrat ion from zero to O06 ml 
-1 
litre , the dark respiration and photosynthesis were reduced. 
Reduced photosynthesis in grass has been reported by V/hitemore and 
Mansfield (1983). 
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Nitrogen oxide damage cause metabolic or enzymic effoct 
on p l a n t s . Taylor and Eaton (1966) observed t h a t n i t r a t e 
n i t rogen l eve l i s decreased in Lycopersicum and Phaseolus un<lf?r 
O0I5-O.5 ppm of NOp for 10-22 days. A treatment with 0.1-1 ppm 
of NOp for 6 days increased the l eve l of chlorophyll in Pisum 
(Harman &. V/ellburn, 1975) o I t has been demonstrated tha t a f t e r 
fumigation with NOp, pea p lan t s showed a higher content of 
n i t r a t e and n i t r i c ions with an associa ted increase in the ra t e 
of photosynthesis (Zeevaart, 1976). Exposure to 400 ppb NO, 
tomato p lan t s showed s i g n i f i c a n t increase in the n i t r a t e reduc-
tase which was much g rea te r in the c u l t i v a r sonato; showing 
t h a t a c u l t i v a r has been more t o l e r a n t of NO po l lu t ion 
(Andreson and Mansfield 1979). 
(e) Pollutant combination and their e f fects on plants 
In atmosphere, po l l u t an t s are mostly presen t in combina-
t ions as a number of sources of a i r po l lu t ion emit two or more 
major p o l l u t a n t s . For example thermal power p l an t s general ly 
emit oxides of sulphur, oxides of n i t rogen, ozone, CO besides 
f l y ash soot or dus t Automobiles emit mainly oxides of n i t rogen, 
CO, and f ly asho The po l lu t an t s may a f f ec t in varying degree 
the d i f f e r e n t p l an t s s ingly or in combinations. However, l i t t l e 
work has been done to explore the combined e f fec t s of po l lu tan t s 
on p l a n t s . Reports of most of the s tud ies involving mixtures hnvi 
included or implied an assessment of the i n t e r a c t i o n of pol lut i i i t , 
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in terms of add i t ive e f f e c t s , or g rea te r than add i t ive effects 
(Syner'gistic) or l e s s than add i t ive (an tagonis t ic ) e f fec ts 
(Tingey and Reiner t , 1975). 
Sulphur dioxide and n i t rogen dioxide are the most wide-
spread and commonly found a i r pd^jLutant in i n d u s t r i a l i s e d 
l o c a l i t i e s . The main sources of SOp are the sulphur containin^^^ 
fue ls and tha t of NOp are automobile exuas t s . Reinert e_t al_ 
(1975) and Ormord (1982) s ta ted t h a t these two gases i n t e r a c t to 
a f f e c t the p lan t s and they may have the e f fec t s a d d i t i v e , 
an tagon i s t i c or sync^rgestic depending upon i±ie species and the 
environmental condi t ion . Heck (1968a) reported f o l i a r responses 
i*^  Nicotiana tobaccum due to tine e f f ec t of a mixture of SOp and 
NOp. Tingey e_t al_ (1971) noted t h a t the mixtures of SOp and TIOp 
a t concentra t ion of l e s s than 250 ppm caused s u b s t a n t i a l l y more 
damage than e i t h e r of the po l l u t an t s s ing ly . Tingey e_t a l (1971) 
described the f o l i a r in jury of six p lan t species exposed to a 
mixture of SOp and NOp a t d i f f e r e n t p ropor t ions . The concentra-
t ion of SOp and NO were below the f o l i a r injury threshold for 
the ind iv idua l gases and ranged from 0.05 to 0.25 ppm for four 
hour dura t ion . The six species arranged in order to decreasing 
s e n s i t i v i t y to SOp and NOp mixtures are Glycine max, Raphanus 
s a t i v u s , Nicotiana tobaccum, Phaseolus v u l g a r i s , Avena sat iva 
and Lycopersicum esculantum. Matsushima (1971) a l so exposed 
P. v u l g a r i s , L. esculantum, Avena s a t i v a , Cucumis sa t ivus anri 
Capsicum frutescens to combination of SOp (1o5-2o3 ppm) and 
W^ (12-15 ppm) for 40 to 70 minutes and noted t h a t f o l i a r injury 
occurred in a l l the f ive specieSo 
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In a study of the synergestic effect of NO2 + SO^ on the 
cock foot (Pactylis glomerata). Ashenden and Williams (1979) 
found a significance reduction in the dry weight of leaf and 
root and in number and area of leaf per plant as compared with 
the control plants or with those treated with SOp or NOp 
separately. A significant growth reduction has been reported 
by Ashenden and Williams (1980) in Lolium multiflorum and 
Phleum pratense under the effect of SOp and NOp combination. 
Freer Smith (1984), Pandae & Mansfield (1985) reported growth 
reduction in Poplas nigra and Hordeum vulgare respectively under 
the effect of some pollutant mixtures. Hogeslt et al_ (1984) 
noticed that the simultaneous exposure of SOp and NOp mixture 
reduced the growth in Raphanus sativus. Exposure to a mixture 
of SO2 and NO2 (O0II ml litre concentration) resulted in a 
significant reduction in leaf fresh weight and area after 14 days 
and root fresh weight after 28 days (Marie and Ormord, 1984). 
The SOp and NOp mixture affect the physiological processes 
of plants. Photosynthesis, stomatal conductance, residual conduc-
tance and quantum yield show a significant reduction in soyabean 
(Glycine max) when fumigated with Oo05 ml litre of SOp and NOp 
mixture (Carlson 1983). Commelina communis treated with SOp 
and NOp showed light brown patches on the adaxial and abaxial 
surfaces of the leaves after four and seven days respectively» 
The SEM analysis showed that control plants had evenly distribu-
ted surface wax while fumigated plants had wax accumulated in 
small heaps with large denuded areas. The palisade cell become 
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flacid and. spongy tissue get collapsed in the latter plants. 
G. communis thus appears to be extreamly sensitive to an 
environment containing N02+S02»Pande & Gates (1985). 
NO and NOp under the influence of ultraviolet rays combine 
with gaseous hydrocarbon to form photochemical oxidants like 
ozone, PAN, aldehydes, ketones, acrolein, HNO^, HNO etc. PAN 
is responsible for reducting the rate of photosynthesis. Its 
toxicity symptmms appear as streaks, chlorotic stipple, 
bleaching necrosis on both the surfaces of leaves and bronzing 
or glazing of lower surface of leaf and collapsing of the spongy 
mesophyll cells giving a glazed appearence. The unique features 
of PAN injury are that the youngest leaves get injured at their 
tips, and the oldest near the base last (Ifeiylor e_t aj, 196I). 
Middletone and Heagen Smith (1961), Dugger ejt al^  (1966) have 
reported that ozone increases respiration of leaves and kills 
the plants by depleting their food, while PAN blocks the Hill 
reaction in photosyntehsis, thus killing the plant by shutting 
down food production, 
.Mixture of sylphur dioxide and ozone have also proved 
very harmful to plants. It has been noted in two varieties of 
Glycine max (Lee 68' and Dare') exposed to SOp and 0, mixtures 
that the effect were greater than additive (synergestic), 
(Heagle & Jhonson 1979)o The SOp and 0, mixtures reduce the 
numbers and dry weight of root nodules in Glycine max significantly, 
compared to the treatments without ozone (Reinert and Weber,1980). 
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Hofstra and Ormrod (1977) while studying the antagonest ic e f fec t 
of SOp and 0^ on Phaseolus vu lga r i s revealed tha t the e f fec t of 
150 ppb 0 , (for 6 hours da i ly ) for 5-10 days caused 39-89 percent 
l ea f area in ju ry . However, the e f f ec t was found to be antagonis-
t i c (only 52 percent leaf area injury occured a f t e r 10 days) when 
150 ppb SO2 accompanied 0 , fumigation. Ormorod ejt al_ (1981) noted 
t h a t the add i t ion of ozone in the concentrat ion range of 50-150 
ppb to atmosphere containing 40 ppb SOp led to decrease in pH 
of Vicia faba l a r g e r than t h a t observed in e i t h e r of the gases 
a lone . Combined fumigation with SOp and 0^ 7 caused v i s i b l e f o l i a r 
in jury and a s i g n i f i c a n t reduct ion in the amout of fol iage than 
did e i t h e r of the po l l u t an t s s ing ly ( P r a t t e^ al_. 1983). Exposure 
of r i c e p lan t s to concentra t ion of O3 and SOp s ingly and in 
combination showed f o l i a r in jury of d i f f e r en t l eve l (Agarwal 
e t a l 1982b)0 The maximum injury was noted in the case of 
O3+SO2 t rea ted p lan t s in which chlorophyll ' a ' and chlorophyll ' b ' 
and carot inoid contents of leaves were markedly reduced. Ashmore 
and Onal (1984) reported t h a t the stomatal conductance was genera-
l l y higher in p l an t s t rea ted with 0 , and SOp together than in 
those t rea ted with 0^ a lone . 
The seedl ings of Liriodendron t u l i p i f e r a showed 51%, 
64% and 51%, reduct ion in t o t a l height when t rea ted with mixtures 
of O3+SO2, IMO2+O3 and 0-J+S02+N02 r e spec t i ve ly , compared with 
t reatment of 0^ or SO2 s ing ly . The dry weight of seedlings 
exposed to O3+SO2, 0,+ IO2 or 0:z+N02 were s i g n i f i c a n t l y l ess than 
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the plants exposed to the pollutants 0^ or SOp (Mahoney et al_ 
198^). The combine effect of 0, and SOp on yield of crops have 
been noticed by many workers. Additive yield reduction were 
noted for 'Dare' soyabean exposed to 0,01 ml litre of 0, and 
—1 
0,01 ml l i t r e of SOp for 6 hours a day for 135 days in closed 
top f i e l d chambers (Heagle e_t aJL_,1974), Decreased yield response 
were noted in 'Herk' soyabeans, but the poss ib le e f f ec t were not 
l i s t e d (Reinetejb al 1982) 
(f) Acid rain 
Another harmful air pollutant shows dangerous effects 
on plants, A technical paper presented at the National Seminar 
on environmental protection held at Nainital recently under the 
auspices of Vae Institution of Engineers (India) warned that 
acid may hit India in the next two decades if industrial units 
continue to burn coal at the current rate and do not take 
preventive measures to check air pollution (Times of India 
24.4,87). 
The term 'Acid rain' refers to any precipitation having 
a pH of less than that of normal rain water, which comes to be 
around 5-6o Normal rain water is weakly acidic because atmos-
pheric COp combines with rain water to form weak carbonic acido 
Acid rain is the result of a series of complex reaction in which 
sulphur and nitrogen oxides combine with rain water to form 
sulphuric acid (HpSO/^ ) and nitric acid (HNO-^ ) respectively, which 
are stronger acid than naturally occuring carbonic acids. The 
typical pH values of rainfall over much of Eastern and North 
America are in the range of 4o0-4o5o The published data of WHO 
sponsered pH monitroing programme in our country from 1977 to 
1979f revealed that the rainfall pH values lie mostly in the 
range of 5.5 to 6o9 over Bangalore, Delhi, Hyderabad and Pune. 
However, Pune shows a decreasing trend in pH value with a minimum 
of 4.93 in 1979. 
Tamm (1976) studied the various effects of acid rain 
on plants and on soilo Macoll (1983) reported that seedlings 
of Douglar fir (Psuedotsuga menziesii) germinated at pH 2.0 soon 
died from fungal attack and the two year old seedlings exhibited 
while acid burns, brown tips and become limp and willed and 
eventually died. Adams and Dengle (1984) noted foliar injury 
in Artemisia lilessil after exposing it to acid rain of various 
pH ranges from 2,5, 3oO, 3.5 etc. Foliar injury in tobacco 
plant was noticed after receiving acid rain of pH 2.0 (Rathier 
and Frink 1984), Mauric and Crang (1985) detected increased area 
and abaxial width in needle transection of Pinus strobus with 
increasing acidity treabnent. The percent nitrogen and indicator 
of foliage quality showed a decrease of 15-37% in alfalfa plants 
treated with stimulated rain at pH 3.0, when compared with 
control plants (Robbeck & Brennan, 1981). 
Amther (1984) doubted the direct influence of acid rain 
on plant growth. According to him the acidity may affect soil 
with poor buffering capabilities and thus indirectly influence 
45 
plant growth in some regions. Factors other than rain acidity 
may be responsible fox- reported reduction in forest growth in 
North America and Europe. Phillips ejt al_ (1985) reported that 
acid rain is not a stress factor in plant Bromus diandruso 
(g) Particulate air pollutants 
Atmosphere contains different types of particles. These 
particles are also harmful to plants in different ways and are 
called as particulate air pollutants. The main source of these 
particles are exhaust emissions from automobiles, combustion 
of fossil fuels, emission of flyash, soot etc. from thermal 
power stations, industries, incineration, soil erosion and wron/; 
agricultural practice. 
The particle vary in size, shape and composition and 
have their individual history in the atmosphere with reference to 
their mode of origin, growth, interaction and decay (Corn, 1968). 
According to the size, it has been called by various names. The 
smallest one is known as aerosols. The size of the ordinary 
particle varies 0.01 urn to 100 um. Dust refers to solid 
dispersion of aerosols and mist to liquid one (Corn, 1958). Dust 
particle greater than 10 um size are known as settleable dusts. 
The dust, includes natural and man-made particles. The 
natural dust includes microorganisms (bacteria and virus). 
Mites and their excrets, fungal and algal spores, meteoric dust, 
forest firesf ash of volcanoes and dust storms, while the man-
made dusts are an outcome of his diverse activitieso 
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Macrone e_t a l (1967) catagorized the dust i n t o three 
typeso The f i r s t one includes wind erosion p a r t i c u l a t e s which 
a re mostly inorganic substances l i k e s o i l , rock and minerals 
and are not l i k e l y to be harmful to p l a n t s . The second type 
cons i s t s of indiv idual dus t s , poss ib ly phytotoxic because of 
being the product of metal r e f i n ing , foundry operat ion and cement 
and g lass indus t r ieso And the l a s t one, a combustion product , 
comprises coal dus t ( so l id p a r t i c l e s ) and f l y ash which are 
determental to the l i v ing world, 
(h) Effects of p a r t i c u l a t e po l l u t an t s on p lan t s 
The p a r t i c u l a t e a i r po l l u t an t s genera l ly i n e r t and 
harmless. But they are harmful when they f a l l on the leaf 
sur face , they may plug the stomata or smoother the leaf p a r t i a l l y 
or completely preventing the gaseous exchange. Thus causing 
disturbance of wa t e r - r e l a t i on , photosynthesis a c t i v i t y e t c , 
Yunus ejt al^ (1985) studied the dus t cleaning ef f ic iency of e igh t 
species growing near Lucknow c i t y in r e l a t i o n to leaf morphology 
and epidermal fea tures e spec i a l l y to shapes and s izes of leaf , 
o r i en t a t i on of leaf on the main a x i s , s ize and frequency of 
trichomes and c u t i c u l a r conf igura t ion . Rao (1971), Shetye & 
Chapekar (1977), Das (1981) s tudied the dust co l l ec t ing po t en t i a l 
of leaf sur face . 
Ruston (1921) doubted t h a t conifers could survive in 
a reas v/here the annual soot depos i t exceeded 30 tonnes per sq.mile 
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One of the p r i n c i p a l undesirable e f f ec t was pre-mature de fo l i a -
t i o n . Leaves of ash t r ees dropped*,— Six to e igh t weeks ear ly 
i n areas where 539 tonnes per mile square of dus t were deposi ted, 
Ruston a t t r i b u t e d t h i s e f fec t to the chocking of stomatal openinj 
with a t a r r y depos i t . Over 75% of the stomata were more or l e s s 
chocked in th i s way on conifers grown in po l lu ted a r e a s . 
Another harmful p a r t i c u l a t e a i r p o l l u t a n t i s cement dusto 
The harmful nature of cement dus t has been studied as ea r ly as 
n ineteenth century. Pierce (1909, 1910), Bohne (1963), Darley 
(1966), Oblisomi e t a^ (1978), I t has been reported tha t a 
marked reduct ion in the growth of poplar t r ees following a 
doubling of the production of cement p lan t a mile away Bohne 
(1963). 
I t has been noted a marked suppression of growth in 
maize (par thasara thy , ejt al_ 1975) and cot ton by Oblisami e_t al_ 
(1975). Bokra (1980) observed the percentage v a r i a t i o n of t o t a l 
leaf area (31%) stomatal r e s i s t ance (10%) photosynthet ic pigment 
constant (-5.7%), r e s p i r a t i o n r a t e (-10,9%), ca ta lyse a c t i v i t y 
(-22%) in Helianthus annus a t 100 days a f t e r applying the cement 
-2 / dus t a t 30 gm formula. After 130 days ttie height was reduced 
by 4.5% compared with control p l a n t s . The s tud ies of Auclar 
(1976) on the e f f ec t of p a r t i c u l a t e matter on the grov;th of 
fo r e s t showed no physical e f f ec t of dus t (Cement and coal) on 
photosynthesis a t high l i g h t i n t e n s i t y (Higher than 100 wm ) . 
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However, a t low and medium energy l eve l s the photosynthesis 
go t reduced v/hich might cause reduct ion in grov/th and y i e ld . 
The wheat p l an t dusted with cement p a r t i c l e s show reduct ion in 
t r an sp i r a t i on r a t e , chlorophyll content and p roduc t iv i ty 
compared to the cont ro l ones (Singh & Rao 1981)o 
Coal dus t , another harmful p a r t i c l e s to change mineral 
accumulation p a t t e r n s , through heat imbalance (Withrow, 1967; 
Epstein 1971)o Mineral concentra t ion of Dlospyrous melanoxylon 
growing near a thermal power p l an t was studied by Lai and 
Arabasht (1981). Singh (1983) s tudied the a l t e r n a t i o n in mineral 
accumulation p a t t e r n of Triticum aestivum exposed to p a r t i c u l a t e 
po l lu t an t s and observed t h a t under the influence of cement dus t , 
The accumulation of ni t rogen and phosphorous in p lan t s decl ined, 
where as t h a t of pottassium and calcium were enhanced. 
I t was a l so noted t h a t changes in mineral accumulation 
were more pronounced in p lan t s subjected to cement dus t a t 
flowering stage than a t pre-or pos t flowering stageo Lai and 
Ambasht (1982) noted cement dus t impact on mineral energy con-
cen t ra t ion in Psidium guaJava, Anda (1986) measured the changes 
in the r a d i a t i o n , balance of maize p lan t pol lu ted with cement 
dus t . The r a d i a t i o n in- take of pol lu ted p lan t s had increased. 
Due to t h i s increment the p lan t s showed increase in temparature 
r e s u l t i n g in the increase of evapo- t r ansp i ra t ion . The capacity 
to a f f e c t f e r t i l i z a t i o n was found to decrease and the y ie lds on 
the average was reduced by l6o2% for three years . 
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Another harmful air pollutant is flyash. Besides having 
large amounts of carbon, aluminia and iron oxides, contains 
certain other metals such as cadmium, arsenic vanadium, copper, 
mercury, selenium, berrythium, chromium, nickel, zink and cobalt 
and are considered to be daiigerous for living beings» It conta-
minates soil, water and air around industrial complexes using 
coal, Fluckar e_t al_ (1982) coupling details of certain effects 
of fly ash toxicity to plants, pointed out that the white sweet 
clover growing on beds of the fly ash contaminated soil possessed 
selenium in excess of 200 ppm (the normal concentration ranging 
from Oo5 to 100 ppm)o Absorption of certain metals by apple, 
millet, bush bean, cabbage, onion, potato and bioaccumulation 
of 15 chemical elements by broom sedge and nutgrass were also 
notedo 
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PLAN OF WORK 
The following plan of work has been chalked out to 
determine the effect of air pollution on the structure some 
common weeds growing around the selected site of the Thermal 
Power Plant complex, at Kasimpur, district Aligarh, (U.P.) 
A. Selection of sites 
The Kasimpur Power Plant is situated nearly 16 km North-
East of the Aligarh city. The power plant which consists of 
three power stations 'A', 'B' and 'C are having a capacity of 
90 MW, 210 MW and 230 MW power generation respectively. On an 
average, the complex consumes about 1165069 metric tonnes of 
bituminous coal per year. The effluents emerging out of the cool 
burning are a mixtures of many gases, coal, dust and ash containing 
certain trace elements such as arsenic, cadmium and venadium 
(Amani, 1982). 
To make a comparative study of the effect of air pollu-
tion on growth, development and structure, some common weeds 
have selected at various distances - viz., Oo5 km, 2 km, 6 km, 
10 km, and 16 km from the P^simpur Thermal Power Plant Complex, 
The last site falls within the campus of the Aligarh Muslim 
University, Aligarh which is considered free from pollution 
effect of the pov/er plant, therefore, used as the check. 
Collection of the materials from these sites will be made in 
different seasons round the year. 
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bo Parameters to be studied 
I. Morphological 
(a) Shoot 
(i) Shoot length, 
(ii) Number of internodes. 
(ill) Internodal length. 
(iv) Number of leaves, 
(v) Number of internodes. 
(vi) Internodal length, 
(vii) Number of leaves, 
(viii)Average leaf area. 
•(ix) Average fresh weight of leaves. 
(x) Petiole length, 
(xi) Leaf biomass. 
(xii) Number of fruits or seeds. 
(xiii)Weight of fixed number of fruits or seeds, 
(xiv) Injuries (type and extent), 
(b) Root 
(i) Root length, 
(ii) Root biomass. 
I I . .Anatomical 
(a) Gross leaf anatomy 
(i) Epidermal features. 
(ii) Stomatal index and stomatal frequency. 
(iii) Length and width of stomatal aperture. 
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( iv) Length and width of guard c e l l , 
(v) Size of epidermal c e l l s . 
(vi) Length and width of trichoraes. 
(vii) Proportional variations of various tissues. 
(b) Anatomy of stem and roo t 
( i ) Amount of xylem. 
( i i ) Vessel number per u n i t area of xylem, 
( i i i ) Length and width of vesse l segments. 
( iv) Fibre length and amount. 
(v) Xylem parenchyma, 
(Axial parenchyma - amount 
and d i s t r i b u t i o n ) • 
(v i ) Ray s i z e , nature and frequency, 
( v i i ) Ground t i s s u e , nature and i t s ex t en t . 
( v i i i ) C o r t i c a l sclerenchyma, i f any - amounto 
( ix) Collenchyma, i f any - type and amount. 
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METHODOLOGY 
on The following techniques will be deployed in collecti 
of materials, their measurements and analysis of the datao 
(a) Morphological Studies 
The morphological s tud ies wi l l include the nature of 
r o o t , stem and number and length of internode and leaveso The 
average leaf number per p l an t i s obtained by counting the leaves 
per branch and t h e i r number be mul t ip l ied with the t o t a l number 
p resen t in the planto The lea f area wi l l be estimated with a 
2 p l a i n meter i n cm , and the dimensions of p e t i o l e and leavtfc 
wi l l be measured in cm, 
(b) Anatomical Studies 
The internal studies will cover the stem, root and leaves 
and the following methods will be employed for the purpose. 
(1) Fixation and preservation 
The shoot pieces from third internode, as well as apex 
(first internode) will be collected and fixed in FAA in the 
field itself. The sample will be allowed to remain in the 
fixative for about a week and then transfered into 70% ethanol 
or alco-glycerol mixture if sufficiently hard for preservation. 
FAA 54 
Formalin . . . . 5 c . c . 
Glacia l a c e t i c ac id , , . o 9 CoC, 
Ethyl a lcohol 50% or 70% . . . o 90 c . c . 
(2) Alco-glycerol 
This mixture comprises equal volumes of ethanol (70%) 
and g lyce r ine . 
Sectioning 
Transverse sect ioning of the preserved mate r ia l s for the 
purpose of general anatomical s tud ies wi l l be made on a Reicher t ' s 
s l i d ing microtome a t a thickness of 10-15 um. Delicate port ions 
such as the shoot a p i l e s and leaves s h a l l be embbeded in paraff in 
wax before sect ioning on a Rotary microtome. 
Standing and dehydration 
Section wi l l be s ta ined with a number of s t a in s singly 
or in combination, depending on the nature of the p lan t material 
and purpose of s tudy. The following s t a i n s w i l l be used. 
(1) For Xylem 
(a) Heidenhain's Iron Pfeematoxylin and Bismarck Brown 
(Johanson, 19^8). 
(b) Iron Pfeematoxylin and sa f ran in . 
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(2) For Phloem 
T a n n i c - a c i d - F e r r i c c h l o r i d e lacmoid (Cheadle ejb al_. 1953) 
For Leaves 
S a f r a i n i n and f a s t green» 
The schedu les f o r s t a i n i n g wi th d i f f e r e n t s t a i n s a r e 
d e s c r i b e d below: 
Heidenhaln's Iron K&emotoxylln and Bismarck brown/Safranin 
Wash i n d i s t i l l e d water 
(2 -3 t imes) 
I r o n alum 2% (5 min) 
3 changes i n d i s t i l l e d water 
D i l u t e d Ifeematoxylin (1-2 min) 
3 changes m d i s t i l l e d water 
D e s t a i n i n g with d i l u t e d 2% 
I r o n alum (1 min or l e s s ) i f 
o v e r - s t a i n e d 
3-changes i n d i s t i l l e d water 
Mounting i n Canada 
balsam o^t"-
Xylene (5 min) 
Clove o i l+xylene(5min) 
t 
AbSo alcohol+clovo oil 
(5 min) 
Abst. alcohol (5 min) 
A 
90% alcohol 
t 
50% alcohol (2-5 min) 
t 
30% alcohol (2-5 min) 
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Iron-alum (Fferric Ammonium sulphate) 
Iron alum i s used as a mordant to f ix the dye. Solution 
wi l l be prepared by dissolving 2 gram of the alum in 100 CoCo of 
d i s t i l l e d water, 
Haematoxylin (A homologue of brazi l ine) 
The s t a i n i t s e l f has l i t t l e or no a f f i n i t y for t i s sues 
unless i ron (always in the f e r r i c form) or aluminium i s present 
i n the l a t t e r . 0.5% so lu t ion of the dye wi l l be prepared by 
d isso lv ing i t i n 100 c.Co of d i s t i l l e d water. I t s t a in s middle 
lamellao 
Bis-marck Brown 
1 gram of the dye in 100 c . c . of 70% a l coho l . I t s t a in s 
the l i g n i f i e d & unl ign i f ied walls and gives a uniform brown 
colour . Hence idea l for photo-micrographic purposes. 
Haldenhalns Iron Haematoxylin and Safranin (Johansen, 1940) 
The schedule for t h i s s t a i n combination i s the same as 
the previous one except t ha t the Bismarck Brown i s replaced 
by sa f ra in and sec t ions kept there for 1-12 hrs a f t e r t rea t ing 
the sect ions with 30% or 50% alcoholo 
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Tfeinnic ac id -Fe r r i c ehlor lde - Lacmoid s t a i n (Cheadle e t al^ o 1963) 
Wash sec t ion in d i s t i l l e d water 
1% Tanrilic acid (5-10 min.) 
Washing^with d i s t i l l e d water (3 times) 
J. 
3% Ferrichloride (2-5 min.) 
Washing, with distilled water (3 times) 
1% Sodium hydrogen carbonate in 50% alcohol (30 min.) 
Lacmoid (12-24 hrs) 
50% alcShol 
Dehydration in alcohol 
i 
Clove oil & Xylene series,as usual. 
Ferric chloride and lacmoid 
Ferric chloride stains the primary wall as brownish black 
& lacmoid is a specific stain for callose on sieve plate and 
sieve areas of sieve elements. Lacmoid stains callose blue. 
Tannic acid 
1% Tannic acid solution can be obtained by dissolving 
1 gram of Tannic acid in 100 c.c. of watero Tannine acid acts 
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as a mordant in t h i s combination, and f e r r i c chlor ide r eac t s viid 
i t to s t a i n the primary wall brownish black. 
Ferric chloride 
Ferric chloride solution can be prepared by dissolvinj'^  
3 gram in 100 CoCo of watero Ferric chloride generally used in 
combination with tannic acid, Stain the primary wall as 
brownish black as stated above. 
Sodium hydrogen carbonate (Sodium bicarbonate) 
1% solution can be prepared by dissolving 1 gram m IICO., 
in 100 c.Co of absolute alcohol. This is used as a mordant for 
lacmoid. 
Lacmoid (Resoreine-blue) 
2% lacmoid solution can be prepared in 100 CoCo of 50';o 
alcohol. 
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P a r a f f i n embedding, s e c t i o n i n g and Dehydrat ion 
Ma t o r i a l i n F/i'\ 
Ab::. A l e : (24 h r ) 
( T e r l t a r y B u t y l 
(24 h r ) 
10% TBA 
A l c o h o l ) 
20% TBA (24 h r s ) 
30% TBA (24 h r s ) 
50% TBA (24 h r s ) 
\ 
50% TBA + S a f r a n i n (24 h r ) 
( a ) AbstV TBA (12 h r ) 
(b ) Absto TBA (12 h r ) 
Trans f e r ma t e r La 1 i n cu 1 t u r e 
t u b e and F r e s h TBA. Add m e l t e d 
v/ax i n c u l t u r e tube of l e a v e 
a s s u c h a\t room t e m p e r a t u r e 
(12 h r ) 
T r a n s f e r t h e above t u b e 
i n Oven (12 h r ) 
A f t e r washinf^ and f r e s h 
m o l t e d vrax & l e a v e a s s u c h 
i n Oven (12 h r ) 
A f t e r 12 h r r e p e a t e d t h e same 
l iounted i n Canada ba];-, 
Pas tg re fen+xy lene 
Abso lu .e a l c o h o l f o r 
5 m in . ' 
90% a l c o h o l f o r 5 min . 
t 
70% a l c o h o l f o r 5 rain. 
1 
50% a l c o h o l l o r 5 min . 
/ 
D i s t t . . w a t e r f o r 5 min, 
S l i d e t r a n s f e r to the V.. 
(UP GllADF DI'.HYnHATIO';) 
T 
50% alcohol + 3afanin 
(24 hr:| 
10% alcohol for 5 mjn. 
90% alcohol for 5 min. 
Ab, Alcohol for 5 mJn. 
T r a n s f e r e d t h e s l i d e i u t c 
H o r i J a r w i t h x y l e n e (24 
S e c t i o n i n g 
Ready l o r b l o c k torma t i o n 
i i f t e r 12 h r v/ash the 
m a t e r i a l & add f r e s h mel f 
wax and k e e p i t . 
I n o r d e r t o s tudj ' ' t h e l e n g t h of e l e m e n t s of xy lem and 
phloem and t o o b t a i n ep ide i -mal p e e l s t h e m a t e r i a l s a r e t o t e 
m a c e r a t e d . 
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(a) Maceration of xylem 
The stem pieces shall be cut into thin tangential slices 
of 0.5 to 1 mm thickness, and treated with 10% or less nitric 
acid depending on the hardness of the material. The hard material 
may be subjected to boiling to hasten the process of maceration 
to save time. The soft material shall be allowed to macerate 
at 40*'C in the incubator, so that the tissue is not damaged by 
the violent action of boiling acid. The macerated material will 
be washed thoroughly in distilled water on a filter paper and 
mounted in ^% glycerine after staining with safranin (if 
sufficiently lignified)/ haematoxylin (Ghouse and Yunus, 1972)o 
(b) Maceration of phloem etCo 
The soft material like that of phloem, stem tips, youni^  
leaves shall be treated with halogen water preferably chlorine or 
bromine water for 3-5 days at 40*^ 0 to soften the tissues in air 
tight container. Halogen water needs to be replaced by fresh 
halogen water and the material allowed to macerate. The material 
shall be checked every day to see the separation of the tissues. 
It may be pressed with a glass rod to ascertain separation of 
the tissues. Once the maceration reaches the material shall be 
washed and stained in ^% aqueous solution of astra blue. 
For the study of fibers, the macerated elements will be 
stained with potassium permangnate solution and then mounted in 
50?^  glycerine or dehydrated and mounted in canada balsam.. 
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study of leaf : Internal structure of leaf will be studied in 
transverse sections obtained on a sliding microtome» For 
culticular studies, epidermal peels will be obtained through 
maceration by HNO^ using the method evolved by Ghouse and Yunus 
(1972). The section of epidermal peels, will be stained with 
Heidenhains Iron haematoxylin/Bismarck Brown alone (Johansen, 
1940) and dehydrated in ethanol series for permanent mounts. 
Cell measurements will be taken with the aid of ocular micrometer 
scale at suitable microscopic magnifications. To calculate the 
variation in the relative propotion. of different leaf tissues, 
the method based on the weight of paper cuttings of the camera 
lucida drawings made on tracing paper of uniform thickness 
(Ghouse and Iqbal, 1975) will be adopted. Counts of stomata 
and epidermal cells will be made on a compound microscope at 
suitable magnifications. Stomatal index (SI) will be calculated 
by the Salisbury's (1927) formula 
SI = ^ X 100 
S + E 
where, S and E represent number of stomata and epidemal cells 
respectively in a given microscopic field. 
Safranln fast green series 
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Section in 30% alcohol 
V 
30% a lcohol (2.5 min) 
Safraliin (1-10 hrs) 
50% alcohol (2-5 rain) 
70% alcohol (2-5 min) 
90% alcohol (2-5 min) 
Abst V alcohol (A) 
(2-5 min.) 
AbSo alcohol (B) 
(2-5 min) 
Fast green ( in a b s . a l e . ) 
Clov^ o i l 
(2-3 min) 
Mounting in Canada 
balsam 
T 
Xylene (B) (5-8 min) 
Sylene (A) (5-8 min) 1 
Clove oil + xylene 
A (2-3 min) 
F^st Green 
0.5-1% solution of Fast green in absolute alcohol will 
be prepared. It is a counter stain for safranin and used more 
or less, to stain all non-lignified tissue, Safranin is for 
lignified tissues. 
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( c ) STATISTICAL ANALYSIS 
To an e c o l o g i s t , s t a t i s t i c a l t echnique i s an impor tan t 
t o o l to know the e x t e n t of v a l i d i t y of h i s d a t a . The da ta on 
a l l weed s p e c i e s t h a t would be c o l l e c t e d fo r d i f f e r e n t a s p e c t s 
of i n v e s t i g a t i o n from d i f f e r e n t s i t e s w i l l be s t a t i s t i c a l l y 
a n a l y a s e d a s f o l l o w s : 
Mean (X) : The a r i t h e m a t i c mean, or s imple mean or s o - c a l l e d 
average v a l u e , i s e a s i l y computed by t ak ing the sum of a number 
of o b s e r v a t i o n s (X^ , Xp* X^ and so on) and dividing, i t 
by the t o t a l number of o b s e r v a t i o n s (N) invo lved ; thus 
X = 
X , + X„ + X , + o X„ 
1 ^ J n 
N 
or 
where, X>|, X , X, o X^ are the observations 
X = Sum of the observations 
N = Number of observations 
Standard deviation (S.D.) ' 
Standard deviation is a measure of fluctuations in a 
sample produced as a result of chance factors of sampling from 
the same population. S.D. for each parameter of the study 
me be calculated by the following formulae. 
6^ 
S.D. for large sample: 
/(X-X^)^ + (X-X2)^ + (X-X^) 
N 
S.D- for small sample: 
Kx-x.)^ + (x-Xp)"^  + (x-xj 
S,D, = + I ! ^ 
N-1 
where, X-i, Xp, ° -^ n ~ Observations involved 
X = Mean of the observations 
N = Number of observations 
Standard Error of means (S.E. of X) 
S.E. of mean is a measure of reliability of a sample 
mean as an estimate of the population mean. It will be computed 
by using the following formula 
o tr - ^ S,D. of samples S.E. - + jp^ 
Standard Error of the Difference of two sample means (S,E.D,) 
It may be defined as the standard deviation computed from 
the difference between a large number of pairs of means of 
randomly selected samples from two populations. Standard error 
of the difference of two samples viz. X and Y of two different 
6 
populations become important when it is to be judged whether 
or not they differ significantly. It will be computed as 
follows: 
S.E.D. = / !- + '^  
n 1 n. 
where, 
S.D-, S.D. of xample X 
S.Dp = S.D. of sample Y 
n^ = Number of observations in sample X 
Yip - Number of observations in sample Y 
Coefficient of Variation (C.V.) 
This measures the relative magnitude of variation 
present in observations relative to the magnitude of their 
arithematic mean. It is defined as the ratio of S.D. to 
arthmetic mean expressed as a percentage. It will be computed 
as follows: 
C.V. = 
Standard deviation 
Arthmetic mean X 100 
C.V. = -2-1^ X 100 
X 
where, S.D. 
X 
= S.D. of the concerned sample or population 
= Arithmatic mean 
Test of Slfinificance 
Test of significance is a device to find out whether or 
not an observed pair of mean differs significantly from each 
other or this difference is merely a result of chance influence» 
A test of significnace is a device - a criterion - to arrive at 
a judgement with confidence about the validity of a result. The 
following two tests will be applied to have confidence in the 
validity of the results. 
Student 't' test; It will be applied to test the significance 
of the difference (if any) between the two sample means obtained 
for the two different study sites» 
The following formula will be used to compute t-value 
which will be compaired with the table values of 't' at their 
particular degrees of freedom. If calculated 't' value exceeds 
the table value, the difference between the two sample means 
will be treated as significant, otherwise the difference will 
be attributable to chance factor. 
Difference of two sample meanr> 
Standard error of the difference 
or t = 
/(STD. 1^)^ (S.D2)^ 
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where, 
X^ = Arithmatic mean of one sample 
Xp = Arithmatic mean of the other sample 
S.D^  = S.D. of one sample 
S.Dp = S.D. of other sample 
n^ = Number of observations of one sample 
np = Number of observations of other sample 
Degree of freedom (D.F.) 
Degree of freedom is to be applied to the number of 
data particularly in t-test, which will be calculated as 
follows: 
D.F. = (n^  + n^) ' 2 
where, 
n^ = Number of observat ions of one sample 
Tip = Number of observations of other sample 
For i t s use in the l e a s t s i g n i f i c a n t difference 
ana lys i s (L.S.D.) 
D.F. = (T - 1) X (R - 1) 
where, 
T = I^ Jumber of t reatments 
R = Number of observations 
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Least significance difference (L.S.D,) 
This test is applied to compare all pairs of means. The 
following formula will be used to calculat L.S.D. 
L.S.D. 2 MSE X t-value 
where, 
MSE ~ Estimated variance of error 
r = Number of replicates 
where, 
where, 
MSE = SSQE 
SSQE 
r 
t 
(r-1) (t-1) 
Error sum of squares 
Number of replicates 
Number of treatments 
SSQE = SSQT ~ (SSQr - SSQt) 
SSQT = 
SSQr = 
SSQt = 
SSQT = 
where, G,F. = 
Total sum of squires 
Sum of squires between replications 
Sum of squires between treatment 
Sum of the squares of each value and substracted 
from it the correction factor (C.F.) 
(total)^ 
r X. t 
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SSQr = Sum of squares of replication 
Number of treatments 
SSQt = Sum of squares of treatments 
Number of replication 
Correlation coefficient (r): This is a statistical measure wtiich 
indicates both nature and degree of relationship between the two 
measurable characteristics, say height (X - cm) and yield (Y-g). 
It will be computed as follows: 
^ = N.^XY - (£X) (^Y) 
\ 
CNCX2-(£.X)5[:N^Y^ - (^ Y)2j 
where, 
N = Number of pairs of observations 
X = Observations of height 
Y = Observations of yield 
A correlation coefficient may vary from - 1 (perfect 
neative correlation)to + 1 (perfect positive correlation). 
Any value close to zero would denote a lack of correlation or 
a relatively week correlation. 
Coefficient of determination (d) 
It is a derivative of correlation coefficient, when 
expressed in terms of percentage, it shows percent dependence 
of a dependable character (Y) upon an independent character (X) 
d = (r)2 
2 
or %d = 100 (r) - expressed in percentage 
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where, d = Coefficient of determination 
r = Correlation coefficient. 
Linear regression : Correlation coefficient elucidates the 
nature and degree of relationship between two characteristicn. 
Due to such correlation when variation in one variable brings 
in accompanying changes in the other, it enables us to predict 
the value of one variable from the knowledge of other. 
The regression line the 'best' fittings to the 
observations is given by 
Y^  = a + hX 
a = Y - bX 
where, 
Y (y-hat) » - Predicted value of charac ter Y for a 
given value of Xo 
X,Y^observations of two charac te rs v i z . , height and 
y ie ld 
a ,b = Constants . 
X,Y = Arithmatic means of all observations of the 
respective characters (X and Y) 
71 
(d) Processing and Interpretation of Data 
The data collected for quantitative estimates of 
characters will be analysed by a computer. A computer programme 
will be prepared for the above mentioned formulae and the 
results will be interperted accordingly. The climatic and 
geographical conditions of the study sites will also be taken 
into account for interpretation of the findings. 
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